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The long-term efficacy of surgical correction of WoltT-
Parkinson-White syndrome was evaluated in 45 consec-
utive patients. Before surgery, 42 patients had recip-
rocating tachycardia and 12 had atrial fibrillation. The
principal operative procedure was endocardial incision
in 42 patients, endocardial cryoablation in 2 patients and
epicardial cryoablation without dissection of the atrio-
ventricular (AV) fat pad in 1 patient.
Two patients had perioperative complications. One
patient had bleeding that necessitated reoperation, and
one had a right cerebral stroke with subsequent clearing
of neurologic deficit. At postoperative electrophysiologic
study, only the patient who underwent epicardial cryo-
ablation had conduction over an accessory connection.
Two others had intermittent delta waves in the early
postoperative period but no accessory connection con-
duction at electrophysiologic study.
During a mean follow-up of 3.1 years, the patient
with Ineffective cryoablation had recurrent orthodromic
Surgical division of accessory atrioventricular (AV) con-
nections has been reported to produce short-term cure of
tachyarrhythmias associated with Wolff-Parkinson-White
syndrome (1-11) , but no reports specifically addres s the
long-term follow-up of these patients . This report describes
the long-term outcome after surgery for Wolff-Parkinson-
White syndrome in 45 patient s.
Methods
Study patients. We operated on 45 patients who had
symptomatic tachyarrhythmia s that required participation of
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tachycardia, and one other patient had late recurrence
of delta waves without arrhythmias. Four other patients
had frequent palpitation, which was caused by prema-
ture ventricular complexes in three and sinus tachycar-
dia in one. Seventeen patients had occasional "skipped
beats" without recurrence of tachyarrhythmias. Twelve
of 13 patients whose arrhythmias limited employment
before surgery returned to work after surgery. By ac-
tuarial analysis at 1, 2 and 3 years, all patients were
alive and 98% were free from tachyarrhythmias.
Surgical correction of WoltT-Parkinson-White syn-
drome provides excellent long-term results with low
morbidity. Patients who are disabled by arrhythmias
return to work after successful surgery. Delta wavesmay
persist or recur without return of arrhythmias. Minor
postoperative episodes of palpitation are common and
do not correlate with tachyarrhythmias.
(J Am Coll CardioI1987;9 :283-7)
an accessory AV connection. Their clinical characteristics
are summarized in Table I . The primary indications for
operation were inefficacy or toxicity of multiple antiar-
rhythmic drugs (20 patient s), ventricular fibrillation (3 pa-
tients), rapid ventricular response during spontaneous atrial
fibrillation with preexcited QRS complexes (shortest RR
interval 212 ± 51 ms) (7 patients), patient preference for
surgery ( I I patients) and other indications for cardiac sur-
gery (4 patient s).
Preoperative electrophysiologic study. Preoperative
electroph ysiologic evaluation was performed in all patient s.
The location of accessory AV connections was determined
by analysis of the retrograde atrial activation sequence dur-
ing ventricular pacing and orthodromic AV reciprocating
tachycardia. the effects of bundle branch block during or-
thodrom ic tachycardia on the ventriculoatrial interval (2)
and the ventricular activation sequence during maximally
preexcited QRS complexes (l 2) , When the location of the
accessory connection was septal, its participation in ortho-
dromic tachycardia was confirmed by advancement of atrial
0735-10971871$3.50
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Table 1. Clinical Characteristics of 28 Men and 17 Women
Aged 2 to 59 (mean 31)
activation by aventricular paced beat when the His bundle
was refractory (13).
Intraoperative electrophysiologic study and operative
technique. Operations were performed through a median
sternotomy. After cannulation for cardiopulmonary bypass ,
quadripolar electrode plaques were sewn to the atria and
ventricles for pacing and for recording reference electro-
grams. Epicardial activation sequence mapping was per-
formed using a single bipolar probe electrode. The ventric-
ular side of the AV groove was mapped during atrial pacing
and preexcited tachycardias; the atrial side was mapped
during ventricular pacing and orthodromic tachycardias.
Cardiopulmonary bypass was then instituted . Normothermia
was maintained temporarily in the 15 patients with septal
or right free wall accessory connections for endocardial
mapping through a right atriotomy . This was performed
around the circumference of the tricuspid valve, on the
ventricular side during atrial pacing and on the atrial side
during ventricular pacing and orthodromic tachycardia .
After the aorta was cross clamped, myocardial hypo-
thermia instituted and hyperkalemic cardioplegia solution
administered, the dissection was performed by methods sim-
ilar to those described by Gallagher et al. (2) and Sealy and
Gallagher (14) . We used low energy electrocautery for dis-
section after initial sharp incision of the endocardium.
Cryothermal ablation was the sole antiarrhythmic procedure
in three patients in whom cooling of a localized region to
o-c repeatedly abolished conduction over the accessory con-
nection . We used epicardial cryoablation without dissection
of the AV fat pad for one left free wall connection and
endocardial cryoablation for one posteroseptal and one right
Clinical Characteristics
Arrhythmia symptoms
Palpitation
Syncope
Cardiac arrest
Arrhythmia-related hospitalizations/patient
Spontaneous arrhythmias
Regular tachycardias
Narrow complex
Wide complex
Atrial fibrillation or flutter
Paroxysmal
Chronic
Ventricular fibrillation
Structural heart disease
Coronary artery disease
Mitral valve disease
Ebstein's anomaly
Atrial septal defect
*Numbers in parentheses indicate percents.
45 (100)*
17 (38)
3 (7)
5.2 ± 12.8
32 (71)
21 (47)
12 (27)
II (25)
1(2)
2 (4)
2 (4)
3(7)
3 (7)
1(2)
free wall accessory connection. In two additional patients
with posteroseptal connections. adjunctive cryothermal le-
sions were placed over the posterosuperior process of the
left ventricle . Concomitant procedures were performed in
five patients: mitral valve replacement in two, coronary
artery bypass grafting in two and repair of an atrial septal
defect in one.
After closure of cardiac incisions and resuscitation of the
heart, atrial pacing was performed at a rate at which AV
node Wenckebach block occurred. Atrial activation se-
quence mapping during ventricular pacing was performed
in all patients in whom ventriculoatrial conduction was pres-
ent.
Postoperative electrophysiologic study. All patients
underwent an electrophysiologic study 2 to 7 days after
surgery . This included decremental and programmed atrial
and ventricular stimulation to evaluate the presence or ab-
sence of conduction through an accessory AV connection
and any other mechanisms for arrhythmias .
Follow-up. Patients (n = 44) were followed up for a
mean of 3.1 years (range 9 months to 6.6 years) from the
date of operation until the study was closed . Six patients
were followed up for 9 months to I year, 9 patients for I
to 2 years, 6 patients for 2 to 3 years, 9 patients for 3 to 4
years and 14 patients for longer than 4 years. One patient
was lost to long-term follow-up after 2 months. Follow-up
data were collected from patient charts (45 patients) , ques-
tionnaires (44 patients) and phone interviews with patients
(29 patients) or their primary physicians (16 patients) . We
reviewed all electrocardiograms and Holter monitor record-
ings from patients who reported palpitation or other cardiac
symptoms postoperatively.
Statistics. Acturial analysis of arrhythmia recurrence was
performed by the method of Kaplan and Meier (15). The
incidence rates of arrhythmia-related hospitalizations before
and after surgery were compared using the maximum-like-
lihood-ratio test. The preoperative and postoperative inci-
dence rates of atrial fibrillation were compared using a t test
based on the binomial distribution.
Results
Preoperative electrophysiologic study, Before surgery •
32 patients (69%) had anterograde conduction and all had
retrograde conduction through an accessory AV connection.
We identified 46 accessory connections: 31 left free wall
(68%),6 right free wall (13%), 7 posteroseptal (15%) and
2 anteroseptal (4%). One patient had both left free wall and
posteroseptal connections . Two patients with left free wall
connection s had an abnormally short HV interval (20 and
25 ms, respectively) during orthodromic tachycardia, which
was consistent with fasciculoventricular Mahaim fibers and
three patients had dual AV node pathways . AV reciprocating
tachycardia was induced in 43 patients (96%), orthodromic
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Limited Hospitalizations Antiarrhythmic
employment for drug
arrhythmia therapy
Figure I. Comparison of employment status. arrhythmia-related
hospitalization and antiarrhythmicdrug therapy in preoperative and
postoperative patients (n = 44).
identified at intraoperati ve electrophys iologic stud y. post-
operative delta waves with a configuration different from
those noted before surgery appeared on the 4th postoperative
day. Delta waves in both patients were intermittent and
absent at the time of postoperative electrophysiologic study.
In a third patient. intermittent delta waves identical to those
recorded before surgery were first noted 2 months postop-
eratively. All three patients were asymptomatic during long-
term follow- up.
Postoperative arrhythmias. Onl y the patient who had
unsuccessful surgery cont inued to have orthodromic tachy-
cardia . One additional patient who had Ebstein ' s anomal y
reported frequent " rapid heartbeat" palpitation postopera-
tively that correlated with sinus tachycardia on Holter re-
cordings. Before surgery her clinical arrhythmia had been
the I: I conduction of atr ial flutter associ ated with syncope .
Three other patients (7%) who had successful short-term
surgical results report ed frequent skipped beat palp itation.
These episodes were documented by Holter monitoring to
be caused by isolated prem ature ventricular complexes. A
quantitative preoperative Holter recording was available for
comparison in one of these patients . The mean frequen cy
of premature ventricular complexes increased from 2 per
hour on the preoperative recording to 100 per hour on the
recording performed 46 months after surgery. The remain-
ing patients were asympt omatic (22 patients. 50%) or noted
occasional skipped beats (\7 patients , 39%). Of these 17
patient s . 6 had infrequent (fewer than 10 per hour ) premature
ventricular complexes and 2 had infrequent premature atrial
complexe s documented by Holter monitoring that correlated
with their symptoms; 9 had no documented arrh ythmi as.
None of the II patients who had spontaneous paro xysmal
atrial fibrillation or flutter before surgery had atrial fibril-
lation or flutter during long-term follow-up (p < 0.01). One
patient with mitral valve disease and chronic atrial fibril-
lation remained in atrial fibrillation postoperatively . None
of the three patient s with ventricular fibrillat ion before sur-
gery had a recurrence of ventricular arrh ythm ias.
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in 42 (94%) and antidromic in 3 (7%) . Atrial flutter was
induced in 17 patients (38%) and atrial fibrillation in 25
(56%). None of the three patients with a history of ven-
tricular fibrillation had inducible ventri cular tachycardia or
ventricular fibrillation.
Intraoperative electrophysiologic study. Intraopera-
tive mapp ing identified 48 accessory connect ions, 33 left
free wall (69%), 5 right free wall (10%). 8 posteroseptal
(17%) and 2 anteroseptal (4%) . Intraoperative mapping con-
firmed the location of all accessory connections identified
before surgery . Two patients in whom a single left free wall
accessory connection was identified at preoperative study
had two distinct left free wall connection s at intraoperat ive
study. None of the 45 patients had condu ction through an
accessory connection at the completion of surgery .
Early postoperative course and complications. The
patient who had epicardial cryoablation without dissection
in the AV fat pad had spontaneous orthodromic tachycard ia
ident ical to the preoperative arrhythmia on postoperative
day I . She underwent unsuccessful reoperation on the third
postoperative day using endocardial incision . She had a
successful endocardial incision operation 4 years later. One
patient required reoperation for postoperative bleeding caused
by epicardial perforation of the left AV groove that was
controlled with a single suture. Two patients had a postcar-
diotomy syndrome and were treated with nonsteroid antiin-
flammato ry drugs; one had a right cerebral stroke with sub-
sequent near complete resolut ion of his neurologic defic it.
There were no perioperat ive death s.
Three (37%) of eight patient s with posteroseptal acces-
sory connections had postoperative complete heart block
with adequate junctional escape rhythm s. Two of these pa-
tients were treated with a permanent pacemaker. However,
all three recovered normal AV conduction by 2 weeks after
surgery. and none had documented or suspected recurrence
of heart block . Transient early postoperat ive atrial fibrilla-
tion occurred in two patient s (4%).
Postoperative electrophysiologic study. After surgery.
44 (98%) of 45 patient s had no condu ction throu gh the
accessory AV connection. The patient who underwent two
operation s had inducible orthodromic tachycardia ident ical
to the preoperative arrhythmia . One patient had inducible
AV node reentrant tachycard ia. The two patients who had
a short HV interval durin g orthodromic tachycardia before
surgery had a short HV interval during sinus rhythm and
atrial pacing at postoperative study. The diagnosis of a fas-
cic uloventricular Maha im fiber was confirmed in one of
them by His bundle pacing .
Postoperative electrocardiograms. Two of the 32 pa-
tients with preoperative delta wave s had intermittent delt a
waves on 12 lead elec troca rdiograms during the early post-
operative period . In one patient . delta waves identical to
preoperative ones were first noted at 12 hour s after surgery .
In a second patient in whom two accessory connections were
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Long-term results. All patients were alive at the time
of last follow-up. By actuarial analysis , 3 years after sur-
gery , 98% of patients were free of preexcitation-related
arrhythmias . The effect of surgery on employment status,
arrhythmia-related hospitalizations and requirement for anti-
arrhythmic medications is illustrated in Figure I. The in-
cidence of arrhythmia-related emergency room visits and
hospitalizations decreased from 0.5/patient per year before
surgery to 0.04/patient per year after surgery (p < 0 .000 I).
Only 2 of the 45 patients who were treated with antiar-
rhythmic drugs preoperatively required them at follow-up:
digoxin was administered to the patient with mitral valve
disease and chronic atrial fibrillation and amiodarone (Meth-
anone) to the patient with orthodromic tachycardia. Of the
13 patients whose arrhythmias limited employment before
surgery, all have returned to their usual preoperative activ-
ities except the patient who had ineffective surgery .
Discussion
Results of this study confirm the safety and short-term
efficacy of surgical treatment of Wolff-Parkinson-White
syndrome. Further, they demonstrate that long-term im-
provement in symptoms, lifestyle and employment status
occurs after successful surgery. Our study group is similar
to that reported in other series with respect to age, associated
cardiac disease, types of arrhythmias , location of accessory
AV connections and duration and severity of symptoms
before operation (3,7,8 ,10 ,11). The 7% incidence of mul-
tiple accessory connections identified in our patients is sim-
ilar to that in one series (3) , but lower than the 10 to 14%
incidence reported in other series (5, l l , 14, 16, 17).
Mapping and operative techniques. Our mapping tech-
nique closely resembled that described by Gallagher et al.
(2). We found right ventricular endocardial mapping during
maximally preexcited QRS complexes useful in distinguish-
ing septal from right free wall accessory connections. The
inefficacy of epicardial cryoablation in one patient early in
our experience may have been due to our not dissecting the
AV fat pad. Recently, Guiraudon and Klein and coworkers
(18-20) reported excellent results using epicardial cryoab-
lation after extensive dissection of the AV fat pad and re-
flection of the coronary artery and vein.
Postoperative delta waves. The absence of conduction
through the accessory connection at the completion of sur-
gery does not always predict the successful division of the
connection. Recurrence of delta waves that are absent at the
completion of surgery may be caused by transient loss of
conduction in the accessory connection , failure to identify
or ablate multiple accessory AV connect ions or pre-excita-
tion through a Mahaim fiber. Our review of the literature
identified recurrence of delta waves after apparently suc-
cessful surgery in 48 ( 12%) of 388 patients with an incidence
of 7 to 27% (3-6,9,11) . Of these 48 patients, 21 (44%)
were treated with early reoperation, 12 (25%) had arrhyth-
mias postoperatively that were controlled by antiarrhythmic
drugs and 15 (3 1%) remained free of arrhythmias without
antiarrhythmic drug treatment.
We found that postoperative delta waves may first be
identified early or late. We recorded intermittent delta waves
postoperatively in three (7%) of our patients , but none had
arrhythmias . This intermittent return of delta waves without
the return of spontaneou s or inducible arrhythmias suggests
that surgery modifies the conduction properties of a per-
sistent accessory connection or adjacent myocardium and
may prevent arrhythmia recurrence. On the basis of our
findings and previous reports, we believe that reoperation
should be reserved for those patients with recurrent post-
operative arrhythmias or the potential for rapid conduction
of atrial arrhythmias through the accessory connection as
assessed by postoperative electrophysiologic study .
Postoperative arrhythmias. Transient or permanent
postoperative AV block due to inadvertent damage to the
AV node or His bundle , or both , has been reported in 20
to 33% of operations for posteroseptal accessory connec-
tions and in 0 to 3% of operations for anteroseptal accessory
connections (3,9, 11). Postoperative heart block occurred in
three (37%) of our eight patients with a posteroseptal ac-
cessory connection and lasted up to 2 weeks. Although two
of these patients were treated with a permanent pacemaker,
we now wait for several weeks after surgery before im-
planting a pacemaker.
Early postoperative atrial fibrillation may complicate the
recovery of patients after cardiac surgery. Guiraudon et al.
(21) reported a 33% incidence of postoperative atrial fi-
brillation after correction of Wolff-Parkinson-White syn-
drome using the endocardial incision technique compared
with a 0% incidence in patients treated by epicardial cryoab-
lation. In contrast, only 4% of our patients who were treated
using endocardial incision had transient asymptomatic post-
operative atrial fibrillation . Thus, either procedure can be
performed with a low incidence of postoperative atrial fi-
brillation .
Long-term follow-up. Although delta waves recurred
in the late postoperative period in one patient, no patient
who was judged at hospital discharge to have had a suc-
cessful operation later developed arrhythmias in which the
accessory connection participated. Nevertheless, 39% of
these "cured" patients were aware of occasional skipped
beats and 7% reported frequent skipped beats caused by
premature ventricular complexes. Some of these patients
may have been sensitized to extrasystoles by their long
history of arrhythmias. Although we documented a signif-
icant postoperative increase in the frequency of premature
ventricular complexes in one symptomatic patient, we can-
not report the prevalence of this finding because we did not
routinely record preoperative Holter monitoring.
Our finding that none of the 11 patients who had par-
lACC Vol. 9. No. 2
February 1987:283-7
FISCHELL ET AL.
SURGERY FOR WOLFF-PARKINSON-WHITE SYNDROME
287
oxysmal atrial fibrillation before operation had recurrence
of atrial fibrillation after the immediate postoperative period
is similar to that of Sharma et al. (22). This observation
supports the hypothesis that the proarrhythmic properties of
the accessory connection are more important than is intrinsic
atrial vulnerability as the cause of atrial fibrillation in pa-
tients with Wolff-Parkinson-White syndrome.
The effects of cardiac surgery on employment status is
an important measure of therapeutic success for patients.
their physicians and society. All 12 patients in our series
who were disabled by arrhythmias before surgery returned
to full-time employment after successful surgery. The only
previous reports of employment status after cardiac surgery
have focused on coronary artery bypass surgery. After suc-
cessful coronary revascularization, only 12 to 24% of pa-
tients younger than 55 years return to work (23,24). Al-
though these two groups of patients differ, the comparison
emphasizes that surgical correction of Wolff-Parkinson-White
syndrome is successful in both a functional and anatomic
sense.
Conclusion. Surgical correction of Wolff-Parkinson-White
syndrome can provide excellent long-term results with min-
imal morbidity. Children and adults who have successful
surgery return to normal activity and employment without
lifelong drug therapy. Delta waves may recur without return
of arrhythmias. Minor palpitation is frequent in postoper-
ative patients and usually does not correlate with tachyar-
rhythrnias, but with isolated premature ventricular beats.
We gratefully ackno wledge Mana Gomez and Kathy Moore for assistance
in data collection and statistical analysis .
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